We compared 224 heterosexual couples who were discordant for human immunodeficiency virus (HIV) type 1 infection (one partner HIV infected) with 78 HIV-concordant couples (both partners HIV infected) to identify demographic and behavioral risk factors for HIV transmission. Among the 229 couples whose male partner was first infected, HIV-concordant couples had engaged in anal sex more frequently before and after knowing that the male was infected than had HIV-discordant couples. Pap smears of grade 2 or higher (inflammation) were more prevalent among the secondinfected female partners in HIV-concordant couples than among uninfected women in discordant couples (58% vs. 23%; P õ .001). Anal sex and unprotected vaginal sex after knowledge of a male partner's infection were significant correlates of concordance in a multivariate logistic model, as were ethnicity, marital status, and antiviral therapy. Ethnicity strongly predicted concordance, even after controlling for sexual risk behaviors and stage of disease.
The World Health Organization estimates that heterosexual [7] . Stage of disease and viral load [8] , viral characteristics such as syncytia-inducing capability [9] , and antiviral treatment have transmission accounts for ú90% of the 30 million persons infected with HIV-1 through late 1996. As the total number of been linked to greater and lesser infectivity [10] [11] [12] . Susceptibility of exposed partners has been linked to the presence of certain cases has exceeded 500,000 in the United States, heterosexual transmission accounts for an increasing proportion of AIDS sexually transmitted diseases (STDs) and particularly to lesions that breach mucosal surfaces [5, [13] [14] [15] [16] [17] [18] [19] . The recently identified cases. In 1990, 31% of cases among women and 5% of all cases were attributed to heterosexual contact [1] ; by the end CCR5 mutation in the chemokine-receptor gene may confer resistance to HIV in persons who are homozygous [20] . Certain of 1995, those proportions rose to 38% and 10%, respectively [2] . Meanwhile, the ratio of cases in men to cases in women major histocompatibility complex HLAs (human leukocyte antigens) have been associated with the presence of HIV infection decreased from 10:1 to 4:1.
The relative contribution of behavioral and clinical risk factors and progression of HIV disease [21] . In New Jersey, heterosexual transmission has played nearly as to heterosexual transmission of HIV-1 remains unclear after more than a decade of observation. Expressing risk as a function large a role in the AIDS epidemic as has injection drug use. Heterosexual contact was the category of transmission associated of the amount of exposure in terms of frequency and type of sexual contacts has not yielded straightforward patterns [3] [4] [5] [6] .
with the greatest increase in reported AIDS cases from 1994 to 1995 [22] . The severity of the epidemic and the frequency of This is probably because of biological factors that determine infectiousness as well as the vulnerable partner's susceptibility heterosexual transmission in northern New Jersey motivated us to conduct the couples study reported herein. Our objective was to evaluate the importance of behavioral and biological factors that facilitate or impede heterosexual transmission of HIV. The sexual contact, as recorded at study enrollment, to identify and, whenever possible, by different staff members. Urine was tested for the presence of cocaine, opiates, amphetamines, benpatterns of sexual behavior associated with increased risk of HIV transmission. Anal intercourse and vaginal intercourse zodiazepines, cannabis, and barbiturates to exclude drug use in the partner of the HIV-infected index partner. HIV serostatus without condom use or during menses were hypothesized highrisk behaviors. The presence or history of sexually transmitted was determined with use of a standard ELISA; positive assays were confirmed with use of western blot, and negative tests diseases and genital ulceration were hypothesized correlates of transmission. A second goal was to identify correlates of highwere confirmed with use of PCR. The immune status of the HIV-positive partner was monitored by flow cytometry counts risk behavior, in particular demographic characteristics and drug and alcohol use, to provide a context for counseling or of lymphocyte subsets. Both partners were clinically evaluated for history and the presence of STDs and physical signs of IDU. future intervention studies. Immunologic and virological profiles of the infected partners, serological markers for sexually Women were offered colposcopic examination to determine the presence of cervical ectopy. transmitted diseases, and typing of HLA class I and II antigens in subgroups of the cohort are addressed in separate papers.
When enrollment of concordant couples began, the interview instrument was revised to accommodate multisite collaboration. Many of our discordant couples reenrolled by using the Subjects and Methods same instrument as the concordant couples. Because extensive laboratory data had already been obtained at the first interview,
Subjects
we used the description of sexual contact from the first interBeginning in August 1990, heterosexual couples in stable view. partnerships who were discordant for HIV-1 infection were
Definitions of study variables. The outcome variable was enrolled in a prospective study of potential cofactors for hetero-HIV discordance or concordance of a couple. A couple was sexual transmission of HIV infection. Couples were recruited therefore the unit of analysis. In discordant couples, the HIVfrom New Jersey State Department of Health HIV Counseling positive member was termed the index (first-infected) partner. and Test Sites, infectious diseases clinics, and private physician For concordant couples, index status was assigned to the partner practices in New Jersey. Couples were eligible for inclusion if who tested seropositive and whose partner tested seronegative they reported sexual activity in the past 6 months and if the at least once thereafter (before eventual seropositivity). In addiseronegative partner was at risk of infection solely through tion, a concordant partner was designated the index partner if sexual contact with the HIV-seropositive partner. Couples were he or she had a known source of infection and the other partner excluded if the seronegative partner had a history of injection had no risk of infection except for sexual contact with the drug use (IDU) or, if male, had had any homosexual contacts index partner. within the past 5 years. Couples were scheduled for follow-up
The period of known exposure to risk of HIV transmission every 6 months through June 1993. Because of low rates of within discordant couples was defined as the interval from the seroconversion, a comparison group of couples concordant for index partner's first positive HIV test or from the start of HIV seropositivity was included beginning in February 1992. the couple's relationship (whichever was later) to the study Thereafter, both concordant and discordant couples were reenrollment date. The exposure period for concordant couples cruited at all study sites, by the same interviewers, according was defined as the interval from the index partner's first posito a standard protocol. Concordant couples were eligible only tive HIV test or the start of the couple's relationship (whichever if there was strong evidence, based on a detailed history, that was later) to the date of the second-infected partner's first one partner had become infected by sexual contact with the positive HIV test. other. IDU, transfusion with HIV-infected blood products, and
The sexual practices of the couple, both before and after male homosexual contacts were exclusion criteria for the secthey first learned that one partner was HIV infected (first ond-infected partner. By January 1995, 224 discordant couples knowledge of seropositivity), were surveyed retrospectively at and 78 concordant couples had been enrolled under a study enrollment. Information on sexual practices before one partner protocol approved by the Institutional Review Board of the was known to be infected included the monthly frequency of New Jersey Medical School.
vaginal intercourse and performance of male and female oral sex (fellatio and cunnilingus) and anal sex; the frequency of vaginal intercourse during menses; and the relative frequency
Methods
of condom use (never/almost never, occasionally, about half the time, usually, always/almost always) during vaginal, anal, Information about demographic factors, drug and alcohol use, sexual behavior within the couple and with other partners, and oral intercourse. Sexual activity between the partners after they had knowledge of one partner's infection was recorded and reproductive and medical history was obtained through structured interviews administered in English or Spanish by a as the frequency of vaginal intercourse relative to frequency before knowledge of infection (none; some, but less than betrained multiethnic staff that included native Spanish speakers. To assure confidentiality, partners were interviewed separately fore; some, at about the same frequency; more often than be-/ 9c4a$$ap16 03-07-98 00:47:39 cida UC: CID or inability to remember events. Analogous items were assessed (asymptomatic), B (symptomatic), or C (with AIDS-defining ‡ Significantly fewer women in concordant couples than in discordant couples were employed at enrollment (P õ .001; Fisher's exact test), and fewer condition) [23] .
men in concordant couples than in discordant couples were employed (P õ .001; Fisher's exact test). § Household income was greater for discordant couples than for concordant
Statistical Methods
couples (P Å .002; Wilcoxon test).
x Significantly fewer concordant couples than discordant partners were marUnivariate comparisons of concordant and discordant couried at enrollment (P õ .001; Fisher's exact test).
ples were performed by using x 2 tests for categorical variables;
# Significantly fewer concordant couples than discordant partners were living together at enrollment (P Å .04; Fisher's exact test).
Wilcoxon rank-sum tests were used to compare levels of ordinal variables or continuous variables that were not normally distributed, and analysis of variance or t tests to compare means of approximately normal continuous variables. Logistic models laboratory test dates. The small number of concordant couples with a female index partner provided limited power for concluwere developed with use of backward stepwise regression to assess the simultaneous association between several risk factors sions about risk of female-to-male transmission. The remainder of this paper presents results of analyses performed separately and HIV transmission. All P values are two-tailed or global. The criterion for statistical significance was a P value of õ.05.
on the couples with a male index partner. Demographic characteristics are presented in table 1, according to HIV concordance or discordance of the couples.
Results
Members of concordant and discordant couples were comparable in age. The key demographic difference was that the proporThe man was the HIV-infected partner in 172 of the 224 discordant couples. On the basis of interview and laboratory tion of black and Hispanic subjects was higher among concordant couples than among discordant couples. The women in data for both partners, index partner status was assigned to the man in 57 concordant couples and to the woman in 11 concorconcordant couples had less education than the women in discordant couples. For both men and women, members of discordant couples. No first-infected partner could be identified in 10 concordant couples because of conflicting risk profile and dant couples were more likely to be employed at the time of / 9c4a$$ap16 03-07-98 00:47:39 cida UC: CID through male-to-male sex. The interval from a man's date of first positive test to the NOTE. Data are number of subjects with indicated characteristic/number responding (%) unless otherwise indicated. study enrollment date was significantly shorter for the men in * Among subjects who entered the study after February 1992. discordant couples than for those in concordant couples (me- † Men in concordant couples had more lifetime partners than those in discordian intervals: 12 months vs. 12.7 years). Sixty-one percent of dant couples (P Å .025; Wilcoxon test).
‡ Concordant and discordant couples differ significantly in the proportion men in discordant couples and 37% of men in concordant that had anal sex (P Å .02; x 2 test).
couples were asymptomatic at the time of enrollment. The § Concordant and discordant couples with a male index partner differ sigstage of disease was more advanced among men in concordant nificantly in the proportions who were abstinent, used condoms sometimes, or never used condoms (P Å .01; x 2 test).
couples. More men in concordant couples (79%) than in discor-/ 9c4a$$ap16 03-07-98 00:47:39 cida UC: CID never used condoms during vaginal sex before the male's sero-
positivity was known, and condom use in that interval was was the sexual behavior that distinguished these male-index con-2* 13 (33) 20 (15) cordant and discordant couples. Sixty percent of the concordant 3 -5 10 (25) 12 (9) couples had not had anal sex before knowledge of seropositivity, NOTE. Data are percentages unless otherwise indicated.
20% had engaged in anal sex less often than once a month, and * Proportion of women in concordant couples with grade 2 or higher is 20% had had anal sex once a month or more. In contrast, 77%
significantly greater than proportion of women in discordant couples of discordant couples had never had anal sex before knowledge (P õ .001; Fisher's exact test).
of seropositivity, 18% had engaged less often than once a month, and 6% had had anal sex once a month or more. These proportions differed significantly when compared by use of the x 2 test cordant than discordant couples. Concordant and discordant (P Å .004), and the frequencies of contacts per month differed couples differed significantly in the proportions that abstained significantly when compared by a rank-sum test (P Å .007).
from sex, in the proportions using condoms at least some of Overall, 36% of couples had engaged in vaginal intercourse the time, and in the proportions never using condoms (x 2 test, during the female partner's menstrual period, before knowledge P Å .02). After knowledge of seropositivity, 21% of concordant of the male's seropositivity, with no differences between concouples vs. 7% of discordant couples never used condoms. cordant or discordant couples. Concordant and discordant couAlthough few couples engaged in anal sex after the male ples also did not differ in the frequency of fellatio or cunnilinpartner's serostatus became known, proportionally more congus before knowledge of seropositivity (median frequencies, cordant couples had anal sex after knowledge than did discoronce per month vs. twice per month) or in the proportion that dant couples (11% of concordant couples vs. 3% of discordant engaged in fellatio or cunnilingus (70% vs. 75%).
couples; P Å .04, Fisher's exact test).
Behavior after knowledge of the male partner's seropositiv-
No statistically significant differences between concordant ity. For both concordant and discordant couples, the freand discordant couples were observed in terms of frequency quency of sexual activity diminished after it was learned that of oral sex or in the proportion who had vaginal sex during the male partner was HIV positive. In the months between menses. After knowledge of infection, the frequency of fellatio knowledge of the male partner's seropositivity and study enrolldecreased to 30% for both concordant and discordant couples; ment, 13% of concordant couples abstained from vaginal sex; overall, 13% of couples reported vaginal intercourse during 59% did have sex, but less often; and 28% had sex at least as menses after knowledge of infection. often as before the male partner's seropositivity was known. The proportions were similar for discordant couples: 17% abstained; 61% had sex, but less often; and 22% had sex at least
Sexually Transmitted Diseases
as often as before.
Condom use was adopted by most of the couples after the Partners were asked whether they had ever had gonorrhea, syphilis, genital herpes, genital warts, anal warts, chancroid, male partner's seropositivity became known, but by fewer con-/ 9c4a$$ap16 03-07-98 00:47:39 cida UC: CID (20) higher): more concordant women than discordant women had with risky sex.
Alcohol and Drug Use Multivariate Analysis of Concordance
A history of alcohol and drug use was explored as a factor related to engaging in risky sexual contact. In one-third of all Risk factors that had significant bivariate associations with concordance were included in a multiple logistic regression couples, at least one partner acknowledged that alcohol had influenced recent sexual behavior and endorsed a statement model to evaluate their relative importance in their simultaneous effects on concordance. Ethnicity, marital status of the that their drinking was associated with risky behavior during that time. Similar proportions of concordant and discordant couple, stage of HIV disease and history of any antiviral therapy in the male partner, anal sex at any time, the male partner's partners of the same gender acknowledged this association. History of a drinking problem was widespread among both lifetime number of partners, and abstinence or use of condoms after knowledge of the male partner's infection were included men and women (table 5) but did not differ by concordance of the couple.
in the model. The woman's ethnicity, which usually matched her partner's, was chosen for simplicity over a couple ethnicity Eighty-seven percent of the men and 62% of the women had used illicit drugs at some time. A history of drug use by measure and over ethnicity of the man because of possible biological links between susceptibility and ethnicity. Educathe women (restricted by protocol to noninjection use) was no more common among concordant couples than among distion, employment status, and income were not included because they were highly correlated with ethnicity. The frequency of cordant couples, and concordant and discordant partners of the same sex did not differ systematically in terms of history vaginal sex before knowledge of the male partner's infection was included (expressed as a quartile) because of its assumed of crack cocaine use. With respect to recent substance use, 45% of the men and 25% of the women reported use of drugs a priori role in transmission. Neither the duration of the woman's risk exposure nor the time since seropositivity of the man in the 6 months preceding enrollment, but less than half of these respondents specifically reported the use of crack.
was considered reliable enough to include because of uncertain recall by numerous respondents. The results are presented in Twelve percent of the men and 5% of the women acknowledged that drug use had influenced their sexual behavior and table 6.
/ 9c4a$$ap16 03-07-98 00:47:39 cida UC: CID once it was known that the male partner was HIV positive. man's seropositivity was known did not differentiate discordant and concordant couples. Few discordant or concordant couples used condoms before learning that one partner was seroposiEthnicity was the strongest correlate. Black and Hispanic tive. Most of the discordant couples had frequent unprotected couples were both more likely to be concordant than were vaginal sex in the months (even years) preceding seropositivity, whites or others. A male partner's history of antiviral therapy and the higher frequency of vaginal sex among concordant was also a strong predictor of concordance. Antiviral medicacouples was not statistically significant. tion was highly correlated with stage of disease and in part Self-reported histories of STDs did not differentiate concorrepresents the effect of later stage on concordance. Two sexual dant and discordant couples. In general, the rates of previous exposure variables remained significant: anal sex at any point STDs in this cohort were lower than those observed in other in the couple's relationship and continued vaginal sex without studies [15] . Since we did not recruit subjects from STD the use of condoms after knowledge of the male partner's clinics, the sources of some other study populations, our reinfection. Marriage was significantly associated with dissults may be more representative of stable heterosexual coucordance despite an association with ethnicity. ples than data from other studies. Few men in this cohort were infected by sex with other men (3%), which may explain the infrequency of syphilis. The men in concordant couples Discussion reported more lifetime partners than the HIV-positive men in discordant couples, and the risk for STDs was greater for these Herein, we report risk factors for male-to-female HIV transmission in one of the largest cohorts of heterosexual couples men; nevertheless, the men in both concordant and discordant couples reported comparable histories of STDs. Self-reports studied to date in the United States. The cohort reflects a diverse spectrum of individuals from a geographic region (New Jersey) of STDs without laboratory confirmation are known to result in underestimation of the prevalence of STDs [27] and are with marked heterosexual spread of HIV. The most important findings of this study are that transmission is related to sexual insensitive indicators of the consequent risk of HIV acquisition or transmission. Too few partners had physical signs of exposure (anal sex and unprotected vaginal sex) and to factors that may operate as cofactors that modify the risk of transmisSTDs upon physical examination at enrollment to account for concordance. Signs and history of STDs were unrelated to sion either directly or through impact on transmission (i.e., antiviral therapy, marital status, and ethnicity).
ethnicity. Women in concordant couples were more likely to have Pap These findings add to the evidence that anal sex is a high-risk activity for male-to-female HIV transmission in heterosexual smears of grade 2 or higher when compared with uninfected women in discordant couples, a result that is consistent with an couples [24 -26] . Concordant couples with a male index partner engaged in anal sex more frequently before knowledge of seroassociation between HIV and human papillomavirus infection among Senegalese women [28] . Although cervical inflammastatus. This difference between concordant and discordant couples was highly statistically significant. Even after serostatus tion could have promoted transmission in concordant couples, it is possible that effects of HIV infection in the concordant was known, more concordant couples reported engaging in anal sex. However, anal intercourse was too uncommon to account female partner or that longer exposure to an HIV-infected partner could lead to cervical inflammation. In contrast to other for most of the transmissions within the concordant couples.
Unprotected vaginal intercourse was the primary route of investigators [29, 30] , we did not find that the presence of cervical ectopy was related to HIV infection or transmission, heterosexual transmission of HIV. In both groups of couples, / 9c4a$$ap16 03-07-98 00:47:39 cida UC: CID based on the subset of women who underwent cervical examirisk factor in the multivariable model despite associations with antiviral therapy and marital status. Ethnicity may relate to nation. Cervical inflammation could play a role in the transmission of HIV from a male partner, but a test of that possibility genetic differences in susceptibility of the uninfected partner or infectiousness of the infected partner, as indicated by distriwould require a prospective (rather than a case-control) study design. Since the presence of HIV infection in the female partbutions of HLA class I and II antigens among HIV-concordant and HIV-discordant couples (Rohowsky-Kochan et al., unpubner as well as the male partner would, if anything, increase the likelihood of cervical inflammation, the differences we found lished observations). The findings regarding ethnicity are potentially of substantial importance in understanding the propenare likely to reflect an overestimate of the prevalence of inflammation among the women in concordant couples at the sity for HIV transmission. Confounding with grade of Pap smear did not account for the association between ethnicity time they became HIV infected. Thus, it seems unlikely that cervical inflammation is a major explanation of transmission and concordance; that association was consistent within strata defined by Pap smear grade. It is possible that the ethnic differor nontransmission in this cohort.
Eligibility criteria were designed to exclude partners with ential in concordance reflects a bias in enrollment. Recruitment of concordant and discordant couples was conducted under a other known risks for HIV infection during the time of exposure to the index partner. Our initial plan to enroll only currently uniform protocol at the same sites in an attempt to minimize bias, but self-selection bias cannot be ruled out. It is also possiand recently monogamous couples so curtailed recruitment that we included couples with regular, steady relationships, nearly ble that in fact our cohort was representative of the ethnic distribution of HIV-infected couples in the study area, with all of whom were cohabiting. The second-infected women in concordant couples were as monogamous as the uninfected a disproportionate number of black and Hispanic concordant couples. If HIV was introduced into the white heterosexual women in discordant couples; thus, contacts outside the relationship do not account for the concordance.
community later than to the black and Hispanic communities, then there would have been less time for transmission to have At the time of enrollment, the men in concordant couples had been infected for a longer time and were at more advanced occurred and fewer white concordant couples eligible for the study. Alternatively, if the epidemic arrived at the same time stages of disease than the discordant men. The timing of events introduces several confounding factors. Stage of disease has but spread more slowly in the white community, the same factors that are associated with concordance in this study may represent been implicated in heterosexual transmission of HIV in epidemiological and laboratory studies [6, 24, 26] . The infectivity risk factors that are operating on a community level. In any case, taken together with our HLA studies and the known difference of an HIV-positive partner is believed to vary with disease stage because of higher viral load in the early acute phase and in the prevalences of the CCR5 mutation among blacks and whites [20] , the role of ethnic differences requires further study and, if during more advanced stages [5, 19] . When stage of disease was analyzed as a confounder, it did not account for concordant confirmed, an analysis of mechanisms. We did not observe a hypothesized association between drug and discordant couple differences in terms of the practice of anal sex, condom use or abstinence after knowledge of seroposand alcohol use and HIV transmission. Studies have documented in various heterosexual populations that alcohol use itivity, or Pap smear grade. We do not have the clinical records of the men in concordant couples that would define the index leads to risky sexual behaviors: anal sex, failure to use condoms, and casual and multiple partner contacts [32 -35] . In partner's disease stage at actual time of transmission, and we have insufficient marker data to back-estimate stage [31] . Both particular, we previously reported an association between ingestion of alcohol and less frequent condom use among discorthe concordant and discordant male partners' disease stages at enrollment spanned the range from asymptomatic to AIDS. dant couples [36] . A follow-up of discordant couples showed that alcohol use was associated with relapse from safe sex Since the majority of male partners in concordant couples (55%) did not yet have AIDS, most of the transmission of behaviors [37] . Evidence that alcohol could promote transmission by depressing cell-mediated immunity in an infected part-HIV within concordant couples must have occurred before the advanced stage of disease.
ner, thus favoring HIV replication, is inconclusive [38] . Alcohol use has also been linked to the recreational use of drugs Although stage of disease was not a significant risk factor in the multiple logistic regression model, a history of antiviral therapy in
[39]. We did not find statistically significant differences between concordant and discordant couples in alcohol or drug the male partner was associated with concordance. The only antiviral medication administered to the positive partners in this study use patterns. We did find that more than one-third of all couples acknowledged a link between risky sex and their own recent was zidovudine, with the exception of one man who received didanosine. No patient received protease inhibitors. Use of antivialcohol or drug use. We cannot distinguish whether this pattern was present during concordant couples' risk periods or whether ral therapy was strongly related to both time since the male's infection and to stage of disease and may be a better descriptor the rate of substance use, with or without risky sex, increased after the second partner became seropositive. of clinical status than either related variable.
The concordant couples included more Hispanic and black We also observed socioeconomic differences between concordant and discordant couples. Discordant couples were subjects than the discordant couples. Ethnicity was a strong / 9c4a$$ap16 03-07-98 00:47:39 cida UC: CID
